Objective: The high potential for secondary gain among college students presenting for Attention-Deficit/Hyperactivity Disorder (ADHD) evaluations highlights the need for psychometrically sound embedded validity indicators. The purpose of this study was to develop new validity indicators specific to feigned ADHD for the Personality Assessment Inventory (PAI) and compare them to preexisting imbedded PAI validity measures. Method: PAI scales that were theoretically related to feigned ADHD were evaluated. A binomial (ADHD simulators, n = 138, and genuine ADHD, n = 142) logistic regression was conducted with selected PAI scales and subscales. Classification rates were compared between the new and existing validity scales. A similar approach was used for item-level data in a second study in a subgroup of the original sample. Results: The derived PAI scale-based logistic regression had a sensitivity of 54% and specificity of 92%. This algorithm accurately identified 97% of healthy controls as not feigning ADHD and correctly identified 98% of a no diagnosis group and 75% of a mood/anxiety disorders group. Classification accuracy of the new index was superior to the majority of existing PAI validity scales across groups. An item-level PAI algorithm had a sensitivity of 85% and specificity of 97% for identifying feigned ADHD. Conclusions: New validity measures were compared to existing PAI validity indicators and performed better than many of them in this study. The algorithms developed in this study of ADHD simulators and genuine ADHD cases have adequate sensitivity and good specificity and appear to function differently than other PAI symptom validity scales.
Introduction
ADHD is a neurodevelopmental disorder characterized by persistent deficits in attention and/or hyperactivity/impulsivity that occurs in approximately 5% of children and 2.5% of adults across cultures (American Psychological Association; APA, 2013) . Symptoms are numerous and include difficulty with organization, distractibility and unrelated thoughts, and intrusive behaviors. Clinicians faced with accurately diagnosing this condition encounter immense challenges including a lack of consistent clinical profiles for ADHD (see Boonstra, Oosterlaan, Sergeant, & Buitelaar, 2005; Hervey, Epstein & Curry, 2004; Schoechlin & Engel, 2005 for meta-analytic reviews) and neuropsychological measures have demonstrated poor discriminate validity of ADHD (i.e., Pettersson, Söderström, & Nilsson, 2015) . In addition, high rates of ADHD symptoms are reported among college students (ranging from 2% to 8%; Weyandt & DuPaul, 2008) , and the availability of ADHD symptomatology information on the internet (Conti, 2004) , and the ease with which individuals without ADHD can easily be coached to simulate ADHD on symptom rating scales (e.g., Quinn, 2003) compounds the problem.
The academic and social incentives available to college students feigning Attention-Deficit/Hyperactivity Disorder (ADHD) can be both abundant and appealing. Specifically, along with an ADHD diagnosis comes the opportunity to receive testing accommodations (i.e., extra time on exams, recordings of lectures). While these accommodations may allow more free time for social activities, an ADHD diagnosis may also be appealing to college students due to the resulting ability to access stimulant medications (Alfano & Boone, 2007; Frazier, Frazier, Busch, Kerwood, & Demaree, 2008; Sollman, Ranseen, & Berry, 2010) . Despite the many risks associated with stimulant misuse (e.g., psychosis, myocardial infarction, sudden death; see Lakhan & Kirchgesser, 2012 for a review), these substances are often recreationally misused by students with and without a diagnosis (Babcock & Byrne, 2000; Lakhan & Kirchgesser, 2012; McCabe, Knight, Teter, & Wechsler, 2005; Sharp & Rosén, 2007; Upadhyaya et al., 2005; White, Becker-Belase & Grace-Bishop, 2006) . In fact, research has demonstrated that for students with ADHD, some misuse their medication to attain a "high" (Upadhyaya et al., 2005) , while some students without a diagnosis endorse using stimulants to aid with focus and concentration (Herman et al., 2011) . The prevailing notion that stimulant misuse is not objectively harmful may be contributing to its use and acceptance on college campuses (see Arria & DuPont, 2011 for a review and call for action).
Potentially due to the abundance of information about ADHD and the knowledge of available secondary gains, the high base rate of symptom exaggeration and amplification on college campuses is not surprising. In fact, Sullivan, May, and Galbally (2007) found evidence of symptom exaggeration as high as 47.6% when an individual presented solely for an ADHD evaluation. These rates were lower, at 24.5%, when individuals presented for an ADHD and learning disability evaluation. With high base rates of ADHD symptom reporting on college campuses, it is incumbent upon clinicians to accurately detect symptoms, and the exaggeration of symptoms, with a limited number of existing validated approaches. Because of the lack of specificity of neuropsychological tests, some have called for the diagnosis of ADHD to be made simply by clinical interview and self-report when low intellectual functioning and/or learning disabilities are not suspected (e.g., American Academy of Child and Adolescent Psychiatry, 2007; McGough & Barkley, 2004 ). However, relying on self-report instruments may be problematic due to the potential for secondary gain, comorbidity with mood disorders, poor retrospective recall (Mannuzza & Klein, 2000) and the lack of specificity in detecting feigned ADHD. In particular, while some studies suggest self-report instruments can be useful in differentiating between healthy, genuine respondents, and both feigning and ADHD groups (Booksh, 2005; Booksh, Pella, Singh, & Gouvier, 2010; Harrison, Edwards, & Parker, 2007) , other research has demonstrated a lack of specificity in using these instruments to differentiate between genuine ADHD and feigned ADHD (Harrison, 2006; McCann & Roy-Byrne, 2004) . Although the use of multiple cognitive stand-alone symptom validity tests (SVTs) during an ADHD evaluation to detect feigned symptoms is promising (e.g., Fuermaier et al., 2016; Jasinski et al., 2011; Sollman et al. 2010) , the use of existing embedded validity scales on commonly implemented self-report personality measures has been less promising (e.g., Fuermaier et al., 2016) .
Current literature (e.g., Harp, Jasinski, Shandera-Oschner, Mason & Berry, 2011; Musso & Gouvier, 2004; Musso, Hill, Barker, Pella, & Gouvier, 2014) has expanded upon the difficulties in detecting malingered ADHD symptoms with traditionally defined cutoffs on commonly used personality assessment measures such as the Personality Assessment Inventory (PAI; Morey, 1991) and the Minnesota Multiphasic Personality Inventory -2 Restructured Form (MMPI-2-RF; Ben-Porath & Tellegen, 2008) . The PAI is a broad, objective, self-report measure of personality and emotional functioning that is widely implemented in forensic (Archer, Buffington-Vollum, Stredny, & Handel, 2006) and clinical evaluations. While the PAI has multiple broad validity scales, including Positive Impression Management (PIM), Negative Impression Management (NIM), and more specific scales, including the Malingering Index (MAL) and the Rogers Discriminant Function (RDF), standard cutoffs have not been useful in detecting feigned ADHD (e.g., Musso et al., 2014) . In fact, Musso and colleagues (2014) found that among college students asked to simulate ADHD, few students scored above the established cutoffs on PAI validity scales. Alternative cutoffs were recommended based on this study; however, sensitivity to feigned ADHD remained in the 0.20-0.33 range. The MMPI-2-RF is a restructured form of the MMPI-2 (Butcher et al., 2001) , which is one of the most frequently administered instruments within psychological evaluations (Rabin, Barr & Burton, 2005) . Similar to those results found with the PAI (i.e., Musso et al., 2014) , Harp and colleagues (2011) encountered similar psychometric issues with established validity indicators on the MMPI-2-RF. Their study found that the MMPI-2-RF scales designed to detect "faking bad" had very low sensitivity in detecting feigned ADHD. It was only when alternative cut scores were implemented that select faking bad scales (e.g., Fp-r) demonstrated modest sensitivity with feigned ADHD.
The high base rate of college students exaggerating symptoms of ADHD, in conjunction with the low sensitivity demonstrated by the embedded measures of validity on the PAI (e.g., Musso et al., 2014) , highlights a need to develop additional embedded validity measures with improved efficacy. Rios and Morey (2013) examined the adolescent version of the PAI in college students asked to feign symptoms and found that only the un-coached students had higher scores on the MAL compared with the clinical group. Musso and colleagues (2014) found that the MAL cut-off score of ≥3 resulted in excellent specificity, but a sensitivity of 0.22. When Musso and colleagues lowered the cut score to ≥2, the specificity was unacceptable for most of the groups. Due to psychometric problems with existing validity scales within this population, the purpose of this study was to develop a novel embedded measure with improved psychometric properties for detecting and differentiating between active attempts of ADHD symptom amplification (sensitivity) and genuine psychological conditions or intact functioning (specificity). Drawing on the existing literature, we hypothesized that an embedded validity indicator, developed based on data from ADHD simulators, and those with genuine ADHD, would address previously encountered issues of specificity. Moreover, we hypothesized that the resulting regression equation would allow for good sensitivity and specificity in "no-diagnosis" control groups, and slightly poorer psychometric properties in a group with mood and anxiety disorders. We hypothesized that, when compared to existing embedded measures for the PAI, this new scale would have superior psychometric properties. We addressed these hypotheses in two studies examining the issue of developing an algorithm to detect feigned ADHD in two different ways: a theory-driven approach using PAI scales that focused on content and a more data-driven approach using item-level data. This has the added advantage of giving clinicians and researchers two different ways to apply the results of these studies depending on the data they have at hand (i.e., scales or actual items).
Study 1: Methods

Setting and Participants
The clinical group's data were obtained from archival data review of psychoeducational evaluations, which included the administration of the PAI as part of the test battery. All evaluations were conducted by doctoral graduate students in a clinical psychology program. Evaluations included a thorough clinical interview and all diagnoses were made under the supervision of a licensed psychologist. Records were excluded if the individual's measured full-scale IQ was less than 70, and/or if they had a diagnosis of an intellectual disability, and/or if they were diagnosed with a serious mental illness, such as schizophrenia. This study included individuals from two university-affiliated psychology training clinics within the southeastern United States. In addition, students were prospectively recruited from three southeastern universities to serve as "non-treatment seeking" controls or ADHD simulators. They received course credit for participation. Individuals who received course credit were recruited through classes and did not present to the clinic for evaluations, thus this group was considered the Non-Treatment Seeking Control group. Simulation procedures for the ADHD Simulator group can be found in a previously published article (Musso et al., 2014) ; however, these procedures will be briefly reviewed. Only those with no reported history of psychopathology, learning disorder, or ADHD were included in the study. Those randomly assigned to the simulation group were provided with a scenario. The scenario was that the students' roommate has been diagnosed with ADHD and is now taking medication and doing well in school, while also having time to socialize. The student decides to take the roommate's medication during midterms and then notices how much easier things were. This leads the student to believe that he/she has undiagnosed ADHD and this leads to "Googling" information about ADHD. The student simulator was then provided time to review ADHD symptoms that result from a simple "Google" search, and they were told that they could take some notes about symptoms from these pseudowebpages that would help them fake on tests. These simulators were then instructed to take the tests as if they were trying to convince someone that they have ADHD. Importantly, these students were reminded that they were trying to fake ADHD as a college student, so they must do at least as well as someone who is enrolled in a university. Moreover, they were instructed that they want to get diagnosed without over-exaggerating the part so that they are not detected as faking. The battery for the student simulators included the Shipley Institute of Living Scale, Second Edition (Shipley-II; Shipley, 2004) , the PAI, the State-Trait Anxiety Inventory, Form Y (Spielberger, Gorsuch, & Vagg, 1970) , the Wender Utah Rating Scale (Ward, Wender, & Reimherr, 1993) , the Wechsler Adult Intelligence Scale, Third Edition, and Reliable Digit Span (RDS; Greiffenstein, Baker, & Gola, 1994) , and a Participant Effort-Rating Scale which asked ADHD simulators to report on a Likert-type Scale of 1-5 (1 = not at all; 3 = somewhat; 5 = very much so) how much effort they put forth in performing as someone with ADHD, and how successful they thought they were at performing at that level without being detected. These simulators are analogs for the typical college student that would present feigning ADHD (there is no expectation that the typical student feigning ADHD does so correctly); this sample of simulators has been accepted for use in previous research (Musso et al., 2014) .
Participants in the clinical group completed the PAI as part of a larger neuropsychological test battery. Effort was measured using the Wechsler Adult Intelligence Scale -Third Edition (WAIS-III; Wechsler, 1997a) embedded validity indices: Mittenberg Index (Mittenberg, Theroux-Fichera, Zielinski, & Heilbronner, 1995) , Reliable Digit Span (Greiffenstein et al., 1994) , and Vocabulary-Digit Span (Mittenberg et al., 1995) . Wechsler Memory Scale -Third Edition (WMS-III; Wechsler, 1997b) embedded indices were also used and included Logical Memory Rarely Missed Items Index (Kilgore & DellaPietra, 2000) , Auditory Recognition Delayed raw score (Langeluddecke & Lucas, 2003) , and Faces I total score (Glassmire et al., 2003; Langeluddecke & Lucas, 2003) . For the clinical sample, individuals diagnosed with ADHD who failed two or more validity indices (PAI indices and Reliable Digit Span) were classified as putting forth suspect effort (6.8% of the ADHD group in the clinical sample) and were removed from further analysis in order to have a clean "good effort" ADHD group for later comparisons to ADHD simulators. Overall, there were 142 individuals in the "ADHD" group, 137 in the "Mood/Anxiety Disorder" group, 111 in the "No Diagnosis/Clinical" controls group, 138 in the "ADHD Simulators" group, and 133 in the "Non-treatment Seeking" control group (see Table 1 for demographic information). Chi-square analyses revealed that the groups differed significantly by gender and ethnicity. ANOVA analyses revealed the groups were significantly different by age and education. This is not unexpected as these were largely clinical samples with the exception of the simulators but this did require evaluation of the effect of any of these differences on results obtained.
Measures
Personality Assessment Inventory (PAI). The PAI is a self-report personality measure comprised of 344 items on a four-point scale with anchor points of False and Very True. These items are categorized into four scales that assess validity of responding, 11 clinical syndrome scales with nine having associated subscales, five treatment scales, and two interpersonal scales. Items were developed with an emphasis on content validity with a focus on assessing the breadth of experiences within the disorders. Reported median Cronbach's alpha's (Morey, 1991) were .81 in a census-matched normative sample (N = 1,000). All protocols were entered into a computerized scoring program using information from the census-matched normative sample.
PAI Validity and Clinical Syndrome Scales Relevant to ADHD.
A series of exploratory analyses examining correlations and mean differences were conducted using PAI scales that indexed cognitive and behavioral symptoms a layperson may consider to be associated with ADHD as well as to rule-out multicollinearity between scales. Based on theoretical considerations of what symptoms and behaviors would likely be endorsed by individual's feigning ADHD, the following PAI scales were considered strong candidates for evaluation as potential predictors of feigned ADHD for inclusion in a logistic regression equation. These scales and the reason for their inclusion are discussed subsequently.
Positive Impression Management (PIM). This validity index embedded within the PAI was designed to detect attempts to present oneself in a favorable manner. Interestingly, as noted by Morey (1991) , McCrae and Costa (1983) found that the tendency toward socially desirable responding is related to other variables that are widely regarded to be signs of appropriate adjustment. These traits include extraversion, adjustment (particularly being considered "well-adjusted"), and openness to experience. The Cronbach's alpha for PIM in a census-matched sample was reported at 0.71 (Morey, 1991) , which reflects this notion of the PIM measuring multiple constructs. PIM and the related indicator of Negative Impression Management (NIM) are considered to be failed when individuals score excessively high on these scales. However, low PIM scores are not traditionally interpreted as indicating possible profile distortion. It was hypothesized that individual's feigning ADHD would not only portray themselves in a negative manner, which would be detected by the NIM scale, but may also endorse a low level of positive attributes or characteristics resulting in a low PIM score. A low PIM score is not interpreted as a failed validity indicator in current PAI scoring methodology making PIM a promising candidate for inclusion in a logistic regression.
Schizophrenia Thought Disorder (SCZ-T). Thought disorder, characterized by improper use of both semantic and relational aspects of language, is considered to be a fundamental symptom in schizophrenia and is associated with loose associations between topics, tangential speech with topic changes, circumstantial speech with excessive detail, and illogical associations (Goldberg et al., 1998) . The Thought Disorder (SCZ-T) scale focuses on the identification of confusion, distractibility, and concentration issues (Morey, 1996) and this makes this scale an intuitive candidate for a predictor of feigned ADHD symptomology. Morey (1996) noted that moderate scores (T-score of 60-69) on the SCZ-T are indicative of decision-making difficulties and problems with concentration often characteristic of individuals with anxiety and depression. He elaborated, stating that scores approaching a T-score of 70 are characterized by greater confusion in addition to the subtle difficulties. T-scores at or above 70 begin to characterize individuals with loose associations and difficulties with expression and communication.
Morey asserts that when this subscale is elevated in the absence of an elevation on the SCZ clinical syndrome scale, the presence of other disorders, including attentional ones, should be further explored. Similar to the internal consistency of scores on the PIM, in a census-matched sample, the Cronbach's alpha for the SCZ-T subscale was reported at 0.73 (Morey, 1991) .
Cognitive Depression (DEP-C). The Cognitive subscale within the Depression scale of the PAI is designed to detect aspects of depression related to cognition. Specifically, high scores on this scale suggest that an individual has difficulty concentrating and others may view this person as being indecisive. This focus on cognitive symptoms also makes this scale a strong candidate for a predictor of feigned ADHD symptoms. In a census-matched sample, the Cronbach's alpha for the DEP-C subscale was reported at 0.74 (Morey, 1991) .
Stimulus Seeking (ANT-S).
The Stimulus Seeking subscale within the Antisocial Features scale of the PAI was developed to detect individuals who have a proclivity towards risk-taking behaviors. Those with high scores tend to act impulsively to draw excitement out of boredom. It was hypothesized that an individual feigning ADHD may misinterpret these items as measuring the hyperactive behaviors associated with ADHD by the general population. The Cronbach's alpha for ANT-S in a census-matched sample was reported at 0.69 (Morey, 1991) .
Development and validation. As described earlier, a group of candidate predictor PAI scales was identified. A series of exploratory ANOVAs were conducted to analyze mean differences among the diagnostic groups on the subscales of the PAI that were selected theoretically based on ADHD diagnostic criteria and from research examining effort and ADHD. Overall results indicated statistically significant effects for the following theoretically selected variables: PIM (F (4,656) = 46.65, p < .001), SCZ-T (F (4,656) = 68.94, p < .001), ANT-S (F (4,656) = 44.57, p < .001), and DEP-C (F (4,656) = 62.33, p < .001). PIM was selected because there were no failures on this scale for the simulators (meaning simulators did not score high on PIM above the traditional cut-off and were not identified as likely invalid as the scale is currently utilized) but they did score significantly lower on PIM than the genuine ADHD group. We intentionally did not choose to include NIM as individuals who failed NIM were removed prior to data analysis for the genuine ADHD group and this scale is already commonly utilized to assess symptom validity and would not be a new contribution to PAI validity indexes. The aforementioned variables (i.e., PIM, SCZ-T, ANT-S, and DEP-C) were not highly correlated with one another and were entered into a binary logistic regression function to determine their utility in predicting genuine ADHD from ADHD simulators. An algorithm was derived based on a logistic regression equation to predict a known genuine ADHD group from a feigned ADHD group. This scale-level algorithm became the basis of a new scale to detect feigned ADHD that was then applied to known diagnostic groups to determine the potential false positive rate. Given differences in demographic variables across groups, we also evaluated any possible effect of demographic variables on outcomes. We found that age and education were not significantly correlated with the outcome of the scale-level algorithm. For gender, there was a general trend for males to score higher on the scale-level algorithm than females but this was only a significant difference for the ADHD [M (SD): male = 0.39 (.23) and female = .30 (.18)] and Mood/Anxiety [M (SD): male = 0.53 (.24) and female = .41 (.25)] groups. For ethnicity, the only significant difference on the scale-level algorithm was for the Mood/Anxiety group but as illustrated in Table 1 the number of minority participants was very small and any differences cannot be interpreted reliably. Finally, this new scale was compared to existing embedded PAI scales including the Malingering Index (MAL; Morey, 1996) , Rogers Discriminant Function index (RDF; Rogers, Sewell, Morey, & Ustad, 1996) , the Multiscale Feigning Index (MFI; Gaines, Giles, & Morgan, 2012) , and the Negative Distortion Scale (NDS; Mogge, Lepage, Bell, & Ragatz, 2010) in order to compare the applicability of this new scale compared to those that are currently used in practice. The MAL is derived from eight configural features based on differences between scales related to negative impression management, infrequent symptoms, inconsistent responding, paranoia, mania, depression, treatment resistance and antisocial features that are not commonly seen in actual clinical patients. The RDF is a discriminant function that was developed to differentiate genuine patients from individuals simulating depression, pain/somatization, or psychosis. The MFI is based on the average elevation of all PAI clinical scales and essentially indexes extreme global endorsement of psychopathology. The NDS is comprised of items associated with extreme psychopathology but that occur vary rarely in psychiatric populations. While all of these indexes have support as symptom validity measures, they all focus on aspects of psychopathology that would not commonly be endorsed by an individual feigning ADHD and demonstrate the need for the development of a symptom validity measure with content specific to ADHD.
Results
Development of a Regression Equation
All of the following results were obtained using census-normed T-scores provided by the PAI computerized scoring program. A logistic regression analysis was performed with the feigned ADHD group as the dependent variable and PIM, SCZ-T, ANT-S, and DEP-C as the predictor variables. The classification cut-value was set to .70 in order to reduce false-positives. This resulted in a significant model (χ 2 (4, 280) = 90.00, p < .001) with Nagelkerke R 2 = .37. See Table 2 for the results of the regression analysis. This binomial logistic regression resulted in the following equation that can be used in calculating the probability of feigning ADHD: e [−3.270-.041(PAI_PIM T score) − .026(SCZ_T T score) + .037(ANT_S T Score) + .070(DEP_C T Score)] / 1 + e [−3.270-.041(PAI_PIM T score) − .026(SCZ_T T score) + .037(ANT_S T Score) + .070(DEP_C T Score)] . In this algorithm, e is the base of the natural logarithm. In the 280 individuals (142 diagnosed with ADHD and 138 simulators) this algorithm was derived from, 46.4% of simulators were correctly classified (sensitivity) and 92.3% of individuals diagnosed with ADHD were correctly classified (specificity) using a cut-value of .70.
Application of Regression Equation to Known Diagnostic Groups
When this regression equation was applied to 133 individuals in the non-treatment seeking control group using a cut-value of .70, 97% of individuals were accurately identified as genuine or not feigning ADHD and only 3% of controls were misclassified as feigning ADHD. In applying this equation to the no diagnosis/clinical control group, 98.2% of individuals were correctly identified as not feigning ADHD, while only 1.8% of individuals were misclassified. Finally, when the regression equation was applied to 137 individuals in the mood/anxiety disorder group, 75.2% were correctly identified as not feigning ADHD, and 24.8% were misclassified as feigning ADHD. In order to view this information in table format, see Table 3 .
Comparison to Existing Embedded Measures
This newly developed measure, which will be referred to as the scale-level Feigned Adult ADHD (FAA) index, was compared to existing validity indicators in genuine ADHD, mood/anxiety disorders, and feigned ADHD groups. Specifically, the scale-level FAA was compared to the MAL, RDF, MFI, and the NDS that were described earlier. These last two scales are relatively new indexes that have not been extensively evaluated previously but seem promising. Refer to Table 4 for hits and misses of these indices in the genuine ADHD group, the mood/anxiety disorders group, and the feigned ADHD group. The NDS, MAL, and MFI had low rates of false positives but had low sensitivity for feigned ADHD. The RDF was the most sensitive to feigned ADHD but had the highest false positive rate (17.0%) as well. The scale-level FAA demonstrated better specificity to genuine ADHD than RDF and slightly better specificity in the mood and anxiety disorders group.
Study 2: Methods
While Study 1 reported an algorithm derived from T-scores from PAI scales that appears useful for detecting likely feigning of ADHD, it is possible that a similar logistic regression approach based on item-level data could provide superior predictive utility for identifying feigned ADHD. This is due to item-level data possibly having more specific content that an individual feigning ADHD would endorse that may be obscured when multiple items are combined into scale composites. Therefore, a secondary study was conducted to utilize a different approach to detect feigned ADHD. In contrast with the theory-driven, composite-level method, a data-driven, item-level approach was used to develop a regression-based logistic equation to identify feigned ADHD. In this additional study, 361 participants from the dataset used for Study 1 but that had item-level PAI data available were used in the selection of items for regression scale development. See Table 5 for demographics of this subsample. The reference groups were initially genuine ADHD versus ADHD simulators. However, this approach yielded good sensitivity, but poor specificity, which was likely due to the limited range of information that was overly specific to ADHD and feigned ADHD. Stated differently, the obtained regression was over-calibrated to only these two groups. Consequently, the reference groups were set to feigned ADHD versus valid performers (i.e., all other groups) to maximize information used for the equation loadings for development of the item-level logistic regression equation, referred to as the item-level FAA.
First, all PAI items were entered into a multiple regression using forward entry to predict ADHD simulator versus nonsimulators. Next, of the PAI items retained in the multiple regression equation, tolerance and VIF statistics were examined to Note: Cut-off value = .70. Note: Hits = correctly identified individuals. Misses = incorrectly identified individuals. A cut-off of >12 was used for the NDS, a cut-off of >0 was used for RDF, a cut-off of >4 was used for MAL, and a cut-off of T > 76 was used for the MFI. For the FAA, a cut-off of ≥.70 was used.
screen retained items for potential multicollinearity. This procedure resulted in the retention of 44 PAI items for entry in binary logistic regression analysis. The 44 items were then entered into a binary logistic regression analysis to predict ADHD simulator versus valid effort group membership. Non-significant items in the model were removed through an iterative process, which resulted in 24 final PAI items.
Results
Development of an Item-level Regression Equation
All of the following results were obtained using data from the final regression-identified PAI items. The classification cutvalue was set to .60 as this optimized sensitivity and specificity for the final 24 PAI items. This is a lower setting for the cutvalue than the .70 that was used in Study 1 and represents the probability of identification of the dependent variable with a higher probability essentially meaning it is more difficult to be categorized in the predicted group. This resulted in a significant model (χ 2 (24, 351) = 129.98, p < .001) with Nagelkerke R 2 = .84. See Table 6 for the results of the regression analysis. The following equation can be used in calculating the probability of symptom exaggeration or amplification using item-level data: Probability of symptom exaggeration = e . As simulators versus valid effort was the set reference group, of the 351 individuals with complete data for analysis (223 with valid effort and 128 simulators) that the item-level FAA algorithm was derived from, 85.2% of simulators were correctly classified (sensitivity) and 97.0% of individuals who were non-simulators were correctly classified using a cut-value of .60. To determine specificity for "true" ADHD, the itemlevel FAA was applied to the participants with an ADHD diagnosis. Using a cut-value of .60, the regression equation correctly identified 94.5% of those with a diagnosis of ADHD (specificity).
Application of item-level regression equation to known diagnostic groups. Similar to the scale-level FAA, when the itemlevel FAA was applied to 53 individuals in the non-treatment seeking control group using a cut-value of .60, 96.2% of individuals were accurately identified as genuine or not feigning ADHD and only 3.8% of this group were misclassified as feigning ADHD. As applied to the no diagnosis/clinical controls group (n = 45), the equation correctly classified 100% of individuals were correctly identified as not feigning ADHD. Finally, when the item-level FAA was applied to 52 individuals in the mood/ anxiety disorder group, 96.2% were correctly identified as not feigning ADHD, and 3.8% were misclassified as feigning ADHD (see Table 7 ). Given differences in demographic variables across groups, we again evaluated any possible effect of demographic variables on outcomes. We found that age was not significantly correlated with the outcome of the item-level FAA algorithm but education was significantly associated with item-level FAA outcome for only the ADHD group (r = −.24). This was a small effect and means that education accounted for 6% of the variance in the outcome of the item-level FAA algorithm. For gender, there was a general trend for males to score slightly higher on the item-level FAA than females but there were no statistically significant differences between genders. For ethnicity, there were no statistically significant differences in item-level FAA for any groups.
General Discussion
The high potential for secondary gains in obtaining an ADHD diagnosis and the lack of psychometrically sound embedded tools for clinicians has presented a challenge for those conducting ADHD evaluations within a college setting (Pella, Hill, Shelton, Elliott, & Gouvier, 2012) . Accurate detection of ADHD remains a public health priority given the prevalence and dangers of stimulant misuse (Babcock & Byrne, 2000; Lakhan & Kirchgesser, 2012; McCabe et al., 2005; Sharp & Rosén, 2007; Upadhyaya et al., 2005; White et al., 2006) . As such, the purpose of the present study was to address extant psychometric issues; namely, many existing self-report instruments lack adequate specificity in differentiating between genuine ADHD and simulated ADHD (Harrison, 2006; McCann & Roy-Byrne, 2004) . The aim of this study was to address this problem by developing a regression equation to predict group membership (genuine ADHD versus simulated ADHD) using information theoretically selected from the PAI, and then applying this to known diagnostic groups. This resulted in the development of a new embedded index, the scale-level FAA, which can easily be applied to aid in credible versus non-credible performance decision-making. The study hypotheses were largely supported and the regression equation demonstrated good sensitivity and specificity when applied to known clinical and non-clinical control groups. When compared to other existing embedded effort indices within the PAI (NDS, RDF, MAL, and MFI) the scale-level FAA performed similarly to the RDF. Notably, only the scalelevel FAA and the RDF were effective at identifying individuals feigning ADHD. The other PAI validity indicators that were examined did a poor job at identifying ADHD simulators in this study with the MAL not identifying anyone as feigning ADHD when the standard cut-score of >4 was used. As predicted based on the internal consistency of the PAI subscales used in this study, the psychometric properties (i.e., sensitivity and specificity) were generally poorer for the PAI validity indicators in this study when applied to a known mood/anxiety disorder diagnostic group but this was particularly true for the scalelevel FAA and RDF which had a similar false positive rate in the mood/anxiety diagnosis group. A strength of the scale-level FAA compared to the RDF is that the RDF had more than double the rate of false positives for individuals with genuine ADHD. Also, the scale-level FAA algorithm is easier to compute than the RDF as it requires only four scale/subscale scores compared to 20 scales/subscales for RDF. When the scale-level FAA algorithm results in a score of .70 or above there is a high probability that ADHD symptom exaggeration or amplification is present, particularly in the absence of a diagnosable mood or anxiety disorder. The current results support that the scale-level FAA can be used in conjunction with other PAI validity measures to aid in clinical decision making and it seems to provide unique information compared to other validity measures. Additionally, our results demonstrate that the NDS, MAL, and MFI have low rates of false positives in genuine cases of ADHD, mood, or anxiety disorders supporting the utility of these indexes as symptom validity measures.
The data-driven approach (i.e., item-level FAA) to developing an equation to identify feigned ADHD demonstrated superior sensitivity and specificity to genuine ADHD than the theory-driven equation in the first study (i.e., the scale-level FAA). Moreover, this equation showed excellent classification rates in the other study groups. Compared to the scale-level FAA, the item-level FAA functioned well in the mood disorders group, with an excellent classification rate. This is likely due to the item-level equation utilizing a greater amount of information than the theory-driven approach.
The item-level FAA index for the PAI may be particularly useful for the detection of feigned ADHD for many reasons. First, in terms of face validity the PAI does not appear to be a measure of ADHD symptoms meaning that individuals feigning symptoms are not likely to perceive it as a likely measure of symptom validity. However, it has been noted that individuals who endorse a high degree of historical ADHD symptoms tend to have elevated scores on PAI clinical scales (Hill, Pella, Singh, Jones, & Gouvier, 2009) . As items related to attention or concentration difficulties are dispersed among the 344 questions, individuals who are feigning ADHD may over-endorse these questions beyond individuals with legitimate ADHD diagnoses. Secondly, because the PAI will also alert clinicians to comorbid mood and anxiety disorders, any failure on the FAA can also be viewed in light of any comorbidities, and this can reduce the occurrence of false-positive attributions. Thirdly, due to the complexity inherent in a regression-based approach to embedded measures, one could speculate that symptomcoaching to perform well on this embedded measure may be especially difficult.
While the present research adds to the existing literature by attempting to address the problem of specificity in differentiating genuine ADHD from ADHD simulators, it is not without limitations. First, future research would do well to apply this equation in a group of known adult ADHD feigners and genuine ADHD individuals. Although the present study utilized simulators and those with a genuine ADHD diagnosis in the development of the regression equation, only control and mood/ anxiety disorder groups were available for subsequent validation. Next, because simulators were used in the present study, examining the utility of this regression equation in non-simulators who were deemed to have put forth inadequate effort on multiple SVTs may be beneficial. In particular, it is possible that simulators exaggerated their symptoms to a greater degree than would a sophisticated ADHD feigner on a college campus. In contrast, it is also possible that the ADHD feigners were influenced by their own mental health concerns, and future research would do well to include mood screeners in simulator groups. Next, because the PAI was used in the diagnosis of ADHD for the clinical group, criterion contamination is present, and future studies where ADHD was diagnosed without the PAI would be beneficial. Next, future research should examine this indicator in samples that are more similar in age, gender, and racial/ethnic background. Finally, while some have argued against the theoretical selection of variables in a regression equation (e.g., Wolfe et al., 2010) , we believe that our model results in a clinician-friendly equation that also has high sensitivity and specificity in differentiating those feigning ADHD from controls. Limitations also exist with the item-level driven analysis. For this specific approach, the sample may have been underpowered for regression analysis of all PAI items to identify incrementally valid items for inclusion into the equation.
While results from both the scale-level and item-level regression equation approaches are promising, they may be sample specific and lack generalizability to other samples. Consequently, examination of the identified PAI scales and items used in the regression equations should be subject to additional validation in other samples using ADHD simulators and known clinical groups.
To our knowledge, the present study is the first to apply a regression-based approach to the PAI for the purpose of developing an embedded validity measure. Other studies have successfully applied similar methods in developing embedded indices for neuropsychological measures (e.g., Hill, Womble, & Rohling, 2015; Wolfe et al., 2010) . In summary, we developed both scale-level and item-level logistic regression equations for the PAI to detect feigned ADHD that demonstrated good psychometric properties and do not appear to have high false positive rates in non-ADHD samples. We hope that these results will provide clinicians with additional tools in detecting feigned ADHD and stimulate further research to investigate new ways to detected ADHD symptom exaggeration.
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